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Liver extracts are of peculiar interest at  this time because of the 
keen clinical interest in the diet therapy of pernicious anemia.  The 
liver fraction which has been studied with greatest care is that known 
as liver extract, No. 343, N.N.R., prepared by Eli Lilly and Company 
under the supervision of the Committee on Pernicious Anemia of the 
Harvard  Medical School according to the method of Cohn, Minot, 
Alles and Salter (1).  Through the cordial interest of Dr. Minot and 
the Harvard  Committee we  have  been  able  to  test this  extract in 
severe secondary experimental anemia due to continued bleeding. 
This liver extract No.  343  has been widely tested with favorable 
results in pernicious anemia.  It has been used in a variety of other 
anemias and the general experience would seem to be that it may act 
favorably in such anemias as resemble pernicious anemia (for example 
sprue)  but  it  is  relatively inert  in  the  common cases of secondary 
anemia.  Secondary anemias in man are notoriously complex and it 
would certainly be of interest to test carefully liver fractions in  all 
types of anemia.  This discussion has recently been elaborated else- 
where (3, 4). 
In general we may say of our experiments with this liver extract 
that it is relatively inert when compared with whole liver feeding in 
severe anemia due to hemorrhage in dogs.  We may conclude that the 
liver extract may be 10 to 20 per cent as potent as the whole liver, but 
individual  variations  are  more  conspicuous  than  with  whole  liver 
feeding (Table 141). 
215 216  BLOOD REGENERATION IN  SEVERE ANEMIA.  XIV 
We supplemented  this  liver  extract with  small amounts  of  whole 
liver,  liver  and apricot ashes and fresh bile to  ascertain whether this 
liver extract might become fully potent when these other factors were 
added.  The  results  given  below  show  that  ash  plus  this  liver 
extract  gives  the  values  expected from  the  combined  effects of the 
individual  ash  and liver  fractions.  Fresh  dog bile  by itself  in  diets 
is  inert  and  it  adds  nothing  to  this  liver  extract diet  effect.  When 
we supplement this liver extract with small  amounts of whole liver in 
the  diet mixture  we  observe at  times  hemoglobin and red  cell  pro- 
duction in excess of the sum of the expected separate reactions. 
The general methods used in these experiments have been described in detail in 
the first  (5)  and fifth  (6)  papers  of this series.  The standard  bread used  in all 
these  experiments  is  described  as  to  ingredients  and preparation.  This bread 
contains wheat flour, starch,  bran, sugar,  cod liver oil, canned tomatoes,  canned 
salmon, yeast and a salt mixture.  This bread is a complete diet for an adult dog 
and will maintain a dog in health for long periods of time, if not indefinitely.  This 
ration keeps the hemoglobin production at a very low level, the average being close 
to 1 to 3 gin. of hemoglobin per week period over and above the unknown red blood 
cell  maintenance  factor.  There  are  individual  differences  and  some  dogs  are 
constantly high in hemoglobin production on the basal rations as well as on other 
diets.  The hemoglobin index described  in  these  papers  is a  figure obtained by 
dividing  the hemoglobin  per cent by the red cell hematocrit in  per  cent.  We 
believe this figure gives information  of value as to the saturation of the red cell 
stroma with hemoglobin. 
It is important to  remember  that  these  standard dogs are in a condition  of 
sustained  anemia  (40 to 50 per cent hemoglobin) month after month, year  after 
year.  Some of the dogs have been continuously  anemic as indicated for 4 years 
and are reacting quantitatively to various specific diet intakes in the 4th year as 
they did in the 1st year.  The experimental  data presented in the tables are taken 
out of the  dog's experimental history which  is continuous.  The figures  given 
represent  the observations  made at the end of any given week so that the  hemo- 
globin figures noted for the 1st week of bread feeding represent  the production of 
hemoglobin due to 7 days of bread feeding. 
We note the importance of a sustained maximal stimulua to hemoglobin production 
in these dogs whose circulating hemoglobin level is maintained at 40 to 50 per cent 
hemoglobin, or approximately  one-third  normal for the dog.  The surplus hemo- 
globin removed by bleeding to maintain this base line level is measured accurately 
and represents  the capacity of the dog to form hemoglobin and red cells on the 
given food intake over and above the unknown red cell replacement  factor.  These 
dogs are raised in our kennels and are accustomed to the environment  and experi- 
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mental observations, unless some note is made to the contrary.  Uniformity of 
environment is very important and includes heat, ventilation, exercise and isolation 
to minimize cross-infection. 
The precise lot of the liver extract No. 343 used in these experiments on dogs was 
tested under  the supervision of the Harvard Committee in cases of pernicious 
anemia and was shown to be fully potent.  Moreover, all the material used was 
from a single batch and therefore of uniform constitution and potency throughout 
all our  experiments. 
EXPERIMENTAL  OBSERVATIONS. 
That these anemic dogs show considerable individual variation in 
reaction to this liver fraction is obvious from an explanation of Table 
141.  There is no such individual variation to the feeding of whole 
liver.  The first animal (Dog 25-24) presents the average reaction to 
feeding about 15 gin. of this liver extract No. 343 daily or the amount 
derived from 500 gin. fresh liver.  This 2-week feeding results in the 
production of about 20 gin. of hemoglobin above the base line level. 
There is no significant change in the hemoglobin index in any of the 
three  experiments.  The  second  experiment  (Dog  24-45)  shows  a 
negative reaction to the liver extract fed daily for 2 weeks. 
The third experiment (Dog 24-59)  shows an unusually high hemo- 
globin production as the result of daily feeding for 2  weeks of the 
liver extract derived from 500 gm. of liver.  About 40 gm. hemoglobin 
above the base line is produced during the feeding period combined 
with the 2nd week of "carry over."  This dog during the past several 
months has reacted with unusual hemoglobin  production to the feeding 
of all meat products.  We cannot explain this individual peculiarity 
but this knowledge enables us to discount this unusual figure. 
In some instances the liver extract was tested alone and combined 
with whole liver or liver ash on the same animal (Dog 21-67,  Table 
142).  These experiments in Table 142 were not continuous but other 
diet experiments intervened between these three distinct experimental 
periods.  This dog shows an  average  reaction  to  the liver  extract 
alone (derived from 400 gm. whole liver) fed daily for 2 weeks.  This 
raises hemoglobin production only 13 gm. above the base line level. 
When this same amount of liver extract is supplemented by a small 
dose (100 gin.) of whole liver we note a  striking rise in hemoglobin 
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TABLE  141. 
Liver Extract No. 343, N. N. R. Deri~ed  from 500 Gin. Liver Daily in Diet. 
Blood  Hb. re-  Piss-  Color  Hb.  RBC  hb.  moved  Diet periods 1 wk. each  Food  Wt.  ma  RBC  index  index  hemst. 
cons.  vol.  level  bled 
Food, gin. ~r day  °7o  kg.  ¢¢.  fail.  %  %  gin. 
Dog  25-24.  Coach,  male, adult 
Br. 400, salm. 75, KI. 25 .... 
* Liver ext. 500 ........... 
* Liver ext. 500 ........... 
Br. 400, salm. 75, K1. 25... 
Br. 425, salm. 75, K1. 25... 
100  12.9 
100  12.9 
100  12.9 
100  13.2 
100  12.91 
816l 4,2 
829] 5,3 
8031 5,6 
7981 6,2 
8161 5,2 
0.52  2.00[  22.1 
0.48  2.11[  22.4 
0.44  1.96[  24.9 
0.44  2.041 24.5 
0.47  2.181 22.4 
44  1.3 
47  13.0 
49  1.4 
50  13.8 
49  1.5 
Dog 24-45.  Bull, female adult 
Br. 350, salm. 75 ........... 
Br. 350, salm. 75 ........... 
t Liver ext. 500 ............ 
t Liver ext. 500 ........... 
I00 
100 
100 
100 
18.91  10801 4,8 
18.91  10501 5,3 
19.01  11151 5,8 
19.31  11001 5,5 
0.41l  2.14[  18.5[  40 
0.421  2.21  20.0  [ 
0.421  2.161 22.7  49 
0.411  2.131  21.4  46 
0.391  2.13  t1  20.7  44 
1.2 
1.3 
1.3 
1.3 
Br. 350, salm. I00  ..........  100  19.31 11161 5,6  1.4 
Do  24-59.  Bull, male, young adult 
Br. 450, salm. 100 .......... 
Br. 500, salm. 100 ......... 
Liver ext. 500 ........... 
:~ Liver ext. 500 ........... 
Br. 450, salm. 75 .......... 
Br. 450, mlm. 75 .......... 
Br. 450, s~lm. 75 .......... 
100 
100 
100 
100 
100 
100 
15.9]  1010] 4,3 
16.11  10221 4,4 
15.81  1036] 5,8 
15.9[  10601 5,5 
16.01  1000] 5,4 
16.1[  10201 5,8 
16.01  10001 5,7 
0.491 
0.471 
0.48] 
0.481 
i  ! 
0.43 
0.47 
0.39 
1.91[  21.9 
1.80  22.7 
1.951 25.9 
1.99~ 25.2 
1.901 24.5 
1.99l  22.9 
1.85l 23.7 
42  1.3 
41  1.2 
50  16.6 
50  15.8 
47  1.3 
46  15.1 
44  2.3 
* Liver fraction supplemented by bread 375, Klim 25 daily. 
t  Liver fraction supplemented by bread 325, salmon 100, Klim 25 daily. 
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note a total bleeding of 74 gin. hemoglobin above the base line output 
on bread alone, but the initial blood hemoglobin level was 50 per cent 
and the level at the end was 41 per cent.  This difference of 9 per cent 
TABLE  142. 
Liver Extract No. 343, N. N. R. Combined with Whole Liver and Liver Ash. 
Dog 21-67.  Bull, male, adult. 
Blood  Hb. re-  ] Plas-  Color  Hb.  RBC  hb.  moved  Diet periods 1 wk. each  Food  Wt.  ma  RBC  index index hemst,  level  bled  CO]~S.  VOI.  ~ 
Food. ~m. ~  d~y  %  kg.  ¢c.  ~l.  %  %  gin. 
! 
Br. 3o0, salm. lo0, KI. 25...]  94  12.4  634  3,5  0.63i  2.27  19.2  44  1.4 
*Liverext. 400...  87  12.2  600  3,8  0.65i  2.31  21.4  49  1.5 
*Liverext. 400 ....  -.I  95  12.,  620  4,4  0.67i  2.33  18.7  43  14.9 
Br. 225, sslm. 100, K1. 25..  95  12.2  634  3,8  0.571 2.29  18.9  43  1.2 
Br. 225, sslm. 100, K1. 25..  96  12.4  662  3,6  0.6S  2.26  22.2  50  1.3 
'Liverext. 4o0,1iverlO0..  99  11.9  580  5,3  0.73  2.26  23.1  52  32.7 
Liverext. 4OO, liverlO0..  [100  12.3  742  5,1  0.76]  2.48  19.1  47  33.7 
Br. 250, salm. 100, K1. 25...] 100  12.3  628  3,8  0.71  2.31  18.9  44  12.7 
Br. 275, sahn. lo0, KI. 25...  95  12.4  706  3,0  0.68  2.11  19.4  41  1.3 
ar. S00,~.lo0, Kl. 25..  89  123  662  3,3  07C  2.24  206  46  16 
Liver  ext.  500, liver  ash 
500.  90  12.4  543  5,4  0.71  2.31  21.6  50  29.5 
:Liver  ext.  500,  liver  ash 
500.  98  11.9  566  4,7  0.78  2.31  19.2  44  30.9 
Br. 300, salm. 100, K1.25...  98  12.5  623  3,4  0.75  2.13  15.4  33  12.1 
Br. 300, salm. 100, KI. 25...  90  12.4  634  3,2  0.61  2.24  17.4  39  1.4 
* Liver fraction supplemented by bread 300, salmon 100, l(]im 25 daily. 
t Liver fraction plus whole liver supplemented by bread 200 daily. 
:~ Liver fraction plus liver ash supplemented by bread 200 daffy. 
hemoglobin means  that  about 9  to  10  gin.  of the  hemoglobin  were 
removed  which  cannot  be  credited  to  this  diet  period.  The  net 
amount of hemoglobin production--about 65 gm.--is to be credited to 
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TABLE 143. 
Liver Extract No. 343, N. N. R. Fed with Small Amounts of Cooked Whole Liver. 
Diet periods i wk. each 
Pla~-  Color  Hb.  RBC  Blood  lib. re- 
Food  Wt.  ms  RBC  index  index  hemat,  hb.  moved 
cons.  vol.  level  bled 
Food, gr~. l~r day  %  kg.  co.  rail.  %  %  gr~. 
Dog 24-22.  Coach,  female, adult 
692  25.6  Br. 300, salm. 75, K1. 25... 
Liver ext. 500.. 
Liver ext. 500. 
Liver ext. 500.. 
Br. 300, salm. 75, KI. 25 .... 
Br, 300, salm. 75, K1. 25 .... 
Br. 225, salm. 75, K1. 25, 
meat scrap 25 
Liver ext. 500, liver 50... 
Liver ext. 500, liver 50... 
Br. 250, salm. 100, K1. 25.. 
Br. 250, salm. 100, K1. 25.. 
90  12.8 
100  12.9 
100  12.7 
100  13.0 
100  13.1 
98  13.0 
73  11.6 
100  11.6 
100  11.6 
92  11.8 
92  11.7 
670 
694 
710 
794 
754 
760 
722 
703 
774 
740 
5,6  0.42 
5,8  0.38 
5,7  0.42 
6,2  0.45 
5,4  0.40 
5,2  0.42 
4,4  0.42 
5,3  0.42 
6,1  0.47 
5,1  0.521 
5,0  0.451 
1.85 
1.79 
1.79 
1.91 
1.84 
1.83 
i 
1.97 
2.07 
2.22 
2.24 
2.16 
23.3 
26.8 
25.2 
23.1 
24.1 
18.5 
21.3 
21.6 
18.4 
20.7 
47  1.3 
41  2.0 
48  1.5 
48  15.8 
43  1.3 
44  1.3 
I 
37  1.1 
44  1.4 
48  16.7 
41  14.9 
45  1.3 
Dog 24-26.  Bull  male, adult 
Br. 250, salm. 100, K1. 25...J  100 
Br. 250, salm. 100, K1. 25...I  100 
I 
:~ Liver ext. 500, liver 100...[  75 
Liver ext. 500, liver 100...  98 
I 
Br. 250, mira. 100, K1. 25...!  100 
Br. 250, salm. 100, K1. 25... [ 100 
Br. 250, salm. 100, K1. 25... [ 100 
10.5  634 
10.6  680 
10.5  686 
10.71 600 
10.61 630 
10.5  618 
10.5  600 
5,1  0.481 
4,2  0.481 
5,2  0.50! 
5,1  0.59d 
3,9  0.62! 
4,2  0.58] 
3,2  0.741 
2.19 
2.11 
2.22 
2.32 
2.32 
2.33 
2.33 
19.7 
19.1 
24.3 
20.8 
20.8 
19.4 
20.3 
43  10.8 
40  1.2 
54  12.9 
48  34.0 
48  1.5 
45  10.5 
47  1.3 
* Liver fraction supplemented  by bread 200, salmon 75, Klim 25 daily. 
1" Liver fraction plus whole liver supplemented  by bread 200 daily, 
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whole liver.  If  we deduct  the 13  gm.  which would  be due  to  the 
liver extract alone we have about 50 gin. hemoglobin per 2-week period 
as due to  the 100  gm. of whole liver fed daily.  This is more  than 
would be expected and we may conclude that one fraction  supple- 
ments the other and increases the potency of the combination. 
The third experimental period shows the influence of the liver extract 
plus a liver ash.  The preparation and potency of this ash have been 
reported recently (2).  The  ash fed daily  represents 500 gin. whole 
fresh liver and when fed alone over a  2-week period in this type of 
experiment will be responsible for an increase in hemoglobin production 
of 40 to 50 gm.  This particular dog (21-67) had not been tested for 
the liver ash effect but had been so tested for the apricot ash effect 
which gave 40 gin. hemoglobin production per 2-week period. 
In this last experiment (Table 142) there is a considerable increase in 
blood hemoglobin as a result of the liver extract plus liver ash feeding. 
This amounts to about 68 gin. hemoglobin removed but we note the 
end hemoglobin level is 39 per cent or 7 points lower than the initial 
level of 46 per cent.  This means the dog was bled about 8 gin. which 
are not to be credited to this diet period.  We may credit to this liver 
extract plus the liver ash about 60 gin. hemoglobin per 2-week period 
over and above control periods.  This is not far from the sum of the 
separate effects--15 gin. for the liver extract and 40 to 50 gin. hemo- 
globin for the liver ash.  Also see Table 145 for lower values. 
Table 143 gives more experimental data upon the effect of this liver 
extract supplemented by 50  to  100  gin.  of whole liver.  The liver 
extract, derived from 500 gin. of liver, fed daily shows about 15 gin. 
hemoglobin per 3-week period over and above the control periods--an 
average value.  When we supplement the liver extract with 50 gin. of 
whole liver daily we observe an increase which is a little more than can 
be explained by the separate effects of these two factors.  The hemo- 
globin actually removed is 28 gm. above the bread diet level of about 
3 gm. hemoglobin per 2 weeks.  The hemoglobin level  at  the  start 
was 37 per cent and at the end 45 per cent which means that we should 
credit this diet period with 8  to  10 gin.  hemoglobin more than was 
actually removed.  A  total effect of 35  gm. minus the liver extract 
effect of 15 gin. gives 20 gm. as due to liver feeding, 50 gin. daily.  This 
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2 weeks.  Again we may conclude that the whole liver may increase 
somewhat the potency of the liver extract or vice versa. 
The third experiment in Table  143  is  upon another dog  (24-26). 
The liver feeding is 100 gm. daily and the total hemoglobin increase due 
to 2-week liver feeding is 50 gin.  above the bread diet level.  This 
sum is larger than the liver extract value of 15 gm. hemoglobin plus the 
whole liver  (100  gm.) feeding value as determined separately.  The 
latter figure would average 15 to 20 gin. hemoglobin. 
TABLE  144. 
Liver Extract No. 343, N. N. R. Supplemented ~th Whole Liver. 
Dog 25-97.  Bull, male, adult. 
Diet periods I wk. each 
Food, gin. per day 
Bread 500, salm. 100. 
* Liver extract 500, liver 50. 
* Liver extract 500, liver 50. 
Bread 450, salm. 100.. 
Bread 450, salm. 100... 
Bread 450, salm. 100... 
Liver extract 500. 
t  Liver extract 500 
Bread 500, salm. 100... 
Bread 500, mlm. 100... 
Food 
COIls. 
% 
96 
100 
100 
100 
100 
100 
100 
100 
100 
100 
Piss- 
Wt.  ma 
vol. 
kg.  co. 
17.2  I04C 
17.0  968 
17.0  997 
16.9  I008 
16.6  1003 
16.0  110G 
16.2  1099 
16.8  1116 
16.8  1046 
16.6  1054 
Color] 
RBC  index 
mil. 
5,3  0. 
6,0  0.46 
6,5  0.51 
5,4  0.47 
5,8  0.43 
5,3  0.44 
5,8  0.40 
6,3  0.43 
6,7  0.43 
5,6  0.44 
Hb. 
index 
2.16 
2.14 
2.24 
2.21 
2.22 
2.16 
2.08 
2.04 
1.96 
2.00 
RBC 
hemst 
% 
21.6 
21.1 
23.3 
23.2 
20.8 
2t.6 
22.2 
21.2 
24.0 
24.3 
Blood 
hb. 
level 
% 
47 
45 
52 
51 
46 
47 
46 
43 
47 
49 
Hb. re- 
lnoved 
bled 
gm. 
1.4 
18.1 
32.5 
13.8 
13.6 
1.4 
1.4 
16.4 
16.6 
12.7 
* Liver fraction supplemented  by bread 400 daily. 
1" Liver fraction supplemented by bread 500 daily. 
Table 144 again gives experimental data in the same dog whereby 
we may compare the liver extract effect with the liver extract plus 50 
gm. of whole liver daily.  The values are all quite high and for *he 
liver extract alone we observe an output for 2 weeks of 40 gm. hemo- 
globin above the usual base line.  The liver extract combined with 
only 50 gin. whole liver daily gives the unusual total of 70 gin. hemo- 
globin output.  Here again we note that this difference between 40 1  ~.  S.  ROBSCHEIT-ROBBINS  AND  G.  H.  WHIPPLE  223 
and 70 gin. hemoglobn is much more than could be expected as due to 
50 gin. liver daily added to the basal bread ration. 
We  note  further  that  this  dog  reacts  with  unusual  hemoglobin 
production  to  all  diets  and  meat products.  There  is  an  interesting 
fact which may be related to  this uniformly  high output in this dog. 
He was born and raised in our kennels.  In the course of other experi- 
TABT.~ 145. 
Liver Extracl No. 343, N. N. R. Fed with Liver Ash and Aprico~ Ash. 
Dog 24-25.  Bull, male, adult. 
Plas-  Color  Hb.  RBC  Blood  [Hb. re  moved  Diet periods I wk. each  cons,F°°d  Wt.  vol.ma  RBC  index  index  hemat,  le~vbel  bled 
Food, ~m. ~  aoy  %  ~g.  co.  ~.'  %  %  ~,n. 
8r. 425, salm. 100..  97  15.5 896  4,6  0.48  2.02  21.7  44  1.3 
Liverext. 500,11verash50C  96  15.6  888  5,6  0.47  2.08  27.8  58  16.0 
Liverext. 500,1iverash50~  100  15.4 810  5,6  0.49~ 2.17  24.1  52  18.3 
Br. 425, salm. 100 ........  100  15.7 860  5,7  0 48  2.16  25.5  55  18.8 
8r. 425, salm. 100 ....  85  15.6  855  4,8  0.45  2.17  19.8  43  1.3 
8r. 250, salm. 100, K1. 25...  100  14.0  798  4,4  0.48  2.21  19.1  42  1.2 
8r. 250, salm. 100, KI. 25...  100  14.2  812  4,0  0.48  2.17  17.3  38  1.2 
Liver ext. 500, apricot ash 
225 ....  100  13.9  794  5,3  0.4~ 2.27  27.9  63  13.5 
Liver ext. 500, apricot ash 
225..  100  13.8  812  5,4  0.47  2.29  22.3  51  18.1 
Br. 250, salm. 100, K1. 25...  100  13.7  818  4,4  0.5(] 2.31  19.0  44  1.7 
Br. 250, salm. 100, KI. 25...  100  14.0  848  4,4  0.5(] 2.17  20.4  44  1.4 
* Liver fraction and liver ash supplemented by bread 400, salmon 100 daily. 
t Liver fraction and apricot ash supplemented by bread 250, salmon 100, Klim 
25 daily. 
mental  work  he  was  raised  on  a  diet  made  up  of  at  least  one-half 
cooked  liver  and  one-half  standard  salmon  bread.  He  was  on  this 
diet  for  29  weeks  after  weaning.  When  he  was  included  in  the 
anemia colony and the initial bleeding began it was found that he had 
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unusually high level of hemoglobin production on various standard 
diets.  This still continues even after 22 months of continuous severe 
anemia.  Whether this is an individual peculiarity or a diet effect can 
be determined in time by using other dogs and will be of some interest 
if the diet is wholly responsible. 
Table 145 gives more experimental data on liver and apricot ash to 
supplement the liver extract.  These are to be compared with Table 
142.  The first experiment in Table 145 shows a hemoglobin produc- 
tion of about 50 gm. above the standard base line due to feeding the 
TABLE  146. 
Liver Extract No. 343, N. N. R. Supplemented with Fresh Dog Bile. 
Dog 24-45.  Bull,  female adult. 
Diet 1~rlods  I  wk,  each 
Food, g~. ~  d~y 
Br. 350, salm. 100 .......... 
* Liver ext. 500, bile 75 ..... 
* Liver ext. 500, bile 75. 
Br. 350, sahn. 100 ......... 
Br. 350, salm. 100 .......... 
Br. 350, salm. 100 .......... 
Br. 350,  salm. 100. 
Food] 
¢On5. 
% 
lOO 
100 
lOO 
lOO 
lOO 
lOO 
100 
P~as- 
Wt.  ma 
vol. 
kg.  ¢¢. 
19.3  1132 
19.2  1038 
19.2  1079 
19.0  1083 
18.9  1145 
18.8  1105 
18.8  1087 
Color 
RBC  index 
rail. 
4,7  0  47 
4,9  048 
5,0  0.46 
5,0  0.45 
4,8  0.52 
5,3  0.47 
4,6  0.49 
Hb. 
index 
2.19 
2.17 
2.24 
2.17 
2.14 
2.17 
2.21 
RBC 
hemat. 
% 
20.3 
21.4 
20.5 
21.7 
21.4 
22.5 
20.5 
Blood  lib. re- 
bb.  moved 
level  bled 
%  gm. 
44  1.4 
47  1.4 
46  1.4 
47  1.4 
46  15.2 
49  14.0 
45  1.3 
* Liver fraction supplemented  by bread 350, salmon 100 daily. 
liver fraction plus the liver ash.  We may account for 40 gm. hemo- 
globin by the liver ash alone, leaving only a little as due to the liver 
extract.  In the second experiment we observe only 30 gin. hemoglobin 
production per 2-week period as due to the liver extract plus apricot 
ash feeding.  All of this can be explained readily as due to the apricot 
ash intake. 
Table 146 shows the negative effect of fresh bile added to the liver 
extract.  The  hemoglobin production above  the  standard base  line 
due to bile plus the liver extract is delayed and amounts to about 25 
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There was no reaction during the 2 weeks of bile plus liver extract 
intake.  We always hesitate to attribute a  delayed reaction of this 
sort wholly to the preceding diet and believe that not more than half 
this hemoglobin is related to the liver extract plus bile.  Bile feeding 
alone has no influence upon the hemoglobin production in this type of 
experiment (8).  It would seem that bile does not supplement this liver 
extract any more effectively than it does the standard salmon bread 
basal ration. 
Plasma volumes in these experiments show no noteworthy fluctua- 
tions.  The record of these values gives much added security to the 
values of the circulating hemoglobin and therefore to the gross total 
hemoglobin production related to any diet. 
DISCUSSION. 
In another place (7) we have reported experiments with simple liver 
fractions and residues fed in this type of experimental anemia.  We 
found that potent factors were present in the watery extract of liver, 
in the alcoholic extract and in the residue after watery and alcoholic 
extraction.  In a general way one may say that our watery extract 
contains  about  one-fourth the potent material of whole liver,  the 
alcoholic extract a little less than one-fourth and the residue a little 
more  than  one-fourth the  potent material present  in  whole liver. 
About one-fourth was lost in the various chemical procedures. 
These experiments lead us  to  the belief  that several factors were 
present in whole liver which contributed to the production of new red 
cells and hemoglobin in this experimental anemia.  It is not unlikely 
that during the stress of this sustained severe anemia the body is cap- 
able of breaking down and utilizing materials to manufacture red cells 
and hemoglobin which under normal conditions would be utilized for 
other purposes or thrown away as surplus waste. 
It would seem probable  that  the red cell stroma matrix and the 
hemoglobin of the red cell would call for very different building stones 
coming  from  the  food  intake.  We  may  assume  that  all  reserve 
storage has been exhausted in  these prolonged experimental anemias. 
We have made every effort to dissociate the hemoglobin production 
from the stroma production and still treasure the hope that this will 
some day be accomplished.  Certain diets will modify the hemoglobin 226  BLOOD REGENERATION  IN SEVERE ANEMIA.  XIV 
index with considerable uniformity but there are many fluctuations 
which we cannot explain.  We note in Tables  143 and 144 a  sharp 
rise in the hemoglobin index associated with the liver extract plus 
whole liver feeding which does not appear with the liver extract alone. 
This suggests a more rapid hemoglobin production than stroma pro- 
duction giving a  more complete saturation of the stroma with the 
blood hemoglobin.  We can control the hemoglobin production with 
much more certainty than can be done with the stroma production. 
Apparently the body can manufacture stroma more readily from these 
various diets than is the case with hemoglobin.  We had hopes that 
this liver extract No. 343,  N.N.R. might cause some dissociation of 
the stroma-hemoglobin ratio but we can record no evidence for this-- 
note figures for the hemoglobin index in various tables. 
CONCLUSIONS. 
A liver extract No. 343, N.N.R. known to be fully potent in perni- 
cious anemia shows but 10 to 20 per cent of the potency of whole liver 
feeding in severe continuous  secondary  anemia due to  bleeding in 
dogs.  There are wide individual variations which are not noted with 
whole liver feeding. 
Supplementing this liver extract with whole bile  does not modify 
the reaction. 
Supplementing this liver extract with liver ash or apricot ash shows 
the sum of the two expected feeding reactions. 
When we supplement this liver extract with small amounts of whole 
liver (50 to 100 gin.) we may observe hemoglobin and red cell produc- 
tion in excess of the sum of the expected separate reactions.  Whether 
the liver extract increases the potency of the whole liver feeding or 
vice versa, it suggests similar possibilities in various human secondary 
anemias. 
Liver and kidney fractions of varied types deserve much study to 
ascertain their effect upon widely divergent types of human anemias. 
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